With appropriate training and adequate support, it is possible to keep the peritonitis rate of elderly peritoneal dialysis (PD) patients at a highly respectable level. In general, the latest recommendations for the treatment and prevention of PD-related infections by the International Society for Peritoneal Dialysis (ISPD) are applicable to older patients. However, there are minor differences in the spectrum of causative organisms amongst elderly patients, with coagulase-negative staphylococcal species (CNSS) and Enterobacteriaceae species being more common in elderly patients. Elderly PD patients who develop peritonitis have an excessive short-term mortality, and, amongst elderly patients, a high burden of comorbid load increases the risk of relapsing episodes. In addition, technical problems, social difficulties, and concomitant comorbid diseases often have profound effects on the risk of peritonitis as well as its management. KEY WORDS: Chronic kidney disease; infection; survival T he proportion of elderly people in the general population is increasing, and a similar trend can be observed in patients treated with long-term dialysis. Data from the United States Renal Data System (USRDS) show that over 60% of the endstage renal disease patients in the US are over the age of 60 (1). Similarly, over half of the new dialysis patients in Hong Kong are now over 60 years of age (2). Peritoneal dialysis (PD) offers many potential advantages, such as a stable internal milieu and less hemodynamic disturbance than hemodialysis (3,4). Worldwide experience also suggests satisfactory tolerance to PD as long-term renal replacement therapy for older patients (5-8).
T he proportion of elderly people in the general population is increasing, and a similar trend can be observed in patients treated with long-term dialysis. Data from the United States Renal Data System (USRDS) show that over 60% of the endstage renal disease patients in the US are over the age of 60 (1) . Similarly, over half of the new dialysis patients in Hong Kong are now over 60 years of age (2) . Peritoneal dialysis (PD) offers many potential advantages, such as a stable internal milieu and less hemodynamic disturbance than hemodialysis (3, 4) . Worldwide experience also suggests satisfactory tolerance to PD as long-term renal replacement therapy for older patients (5) (6) (7) (8) .
THE EFFECT OF AGE ON PD-RELATED INFECTIONS
It remains controversial whether older PD patients have a substantially increased risk of peritonitis than their younger counterparts. A number of observational studies published in the 1990s reported that age is not a major risk factor of PD-related peritonitis (9) (10) (11) , and the peritonitis-free survival is similar between PD patients above and below 65 years of age (12) . On the other hand, 3 retrospective studies noted that patients above 65 or 70 years old have a significantly higher peritonitis rate than younger patients (8, 13, 14) , although there is no difference in peritonitis-free survival or the rate of exit-site infection between older and younger patients (8) .
More recently, a retrospective study of 391 PD patients found that older age (above 65 years) was the only identified risk factor associated with peritonitis (15) . Nonetheless, we believe the important clinical question is not whether older PD patients have a higher peritonitis rate than young patients, but whether their absolute peritonitis rate is acceptable. In this regard, a retrospective dialysis registry study of 1,613 patients older than 75 years reported that the median peritonitis-free survival was 32.1 months, and neither the modality of assistance nor the center size was associated with peritonitis risk (16) . Similar peritonitis rates amongst older PD patients are observed in many parts of the world. A number of studies have also shown that older PD patients have a similar rate of exit-site or tunnel infection to younger patients (8, 17, 18) , including those who had failed hemodialysis (19) and octogenarians (20) . One might therefore conclude that, with appropriate training and adequate support, older PD patients enjoy a very respectable peritonitis rate, although it may be slightly higher than that of young patients.
A number of small-scale studies have explored the specific risk factors for peritonitis amongst older PD patients. Peritonitis-free survival was found to be similar between older patients treated with continuous ambulatory PD and automated PD (21) . Three large cohort studies showed that peritonitis rates did not differ between older patients who required assistance for their dialysis exchange and those who could perform the PD exchanges themselves (22) (23) (24) . Another study also found that the need for a helper for dialysis exchange, as well as the burden of comorbid condition, does not affect the peritonitis rate amongst older PD patients (12) . Furthermore, Taskapan et al. (25) recently showed that, with appropriate training of the staff, older PD patients in a nursing home enjoyed an excellent technique survival and a low peritonitis rate. However, in a review of a national PD registry, Nolph et al. (26) found that bedridden elderly patients had 660 SZETO NOVEMBER 2015 -VOL. 35, NO. 6 PDI higher peritonitis rates than ambulatory ones, which was probably secondary to the increase in the risk of touch contamination and bowel dysfunction. In essence, these studies suggest that physical disability is not a major risk factor for peritonitis in older PD patients, except perhaps for those who are grossly debilitated.
As to the distribution of causative organisms, de Vecchi et al. (8) found no difference between PD patients above 70 years of age and those between 40 and 60. In a retrospective case control study, however, Holley et al. (27) found that peritonitis episodes caused by coagulase-negative staphylococcal species (CNSS) are more common amongst patients above 60 years old than in younger patients. Similarly, our previous study found that although the distribution of gram-positive and gram-negative organisms was similar between older and young PD patients, CNSS and Enterobacteriaceae species were more common in older patients, while Staphylococcus aureus and Pseudomonas species were more commonly identified in young patients (28) . Taken together, available evidence suggests a subtle difference in the spectrum of causative organisms between older and young PD patients. It seems highly probable that touch contamination and bowel dysfunction are important underlying causes of peritonitis episodes in older PD patients. To the best of our knowledge, there is no study that explores the difference in causative organism for peritonitis episodes between patients who require assistance for their dialysis exchange and those who could perform the PD exchanges themselves.
TREATMENT OF PD-RELATED INFECTIONS
In general, current ISPD recommendations on the treatment of PD-related infections are applicable to older patients (29) . However, older PD patients are commonly malnourished (30, 31) , and, even though their measured body weight may be similar, the proportion of lean body mass in older patients is typically lower than in young patients (32) . Older patients are also more susceptible to dose-related adverse effects of antibiotics, especially the neurotoxicity of third-generation cephalosporin and probably carbapenems (33) , as well as the rupture of the Achilles tendon associated with fluoroquinolone therapy (34) . Furthermore, older patients are more likely to require multiple hospital admissions and, as a result, to have antibiotic-resistant strains of bacteria as the causative organisms (35) . For these reasons, the dosage of antibiotic therapy needs to be tailored individually, and clinicians should actively look out for unexpected adverse effects from the treatment (36) . In addition, it is important to advise all patients about the potential side effects that they might experience so that they can contact their responsible clinicians in a timely manner should problems develop.
A considerable proportion of older patients are able to perform dialysis exchange by themselves but, should a peritonitis episode develop, would not be able to administer an intraperitoneal injection, which is more demanding on dexterity and involves the handling of needles. In addition, some patients may transiently become incapable of performing the dialysis procedure during a peritonitis episode because of the acute illness. Although few studies examine these practical aspects of peritonitis management in older patients, clinicians should be vigilant with regard to the specific needs of older patients and, depending on the local healthcare system and the patient's own social support, consider appropriate short-term assistance for dialysis exchange and intraperitoneal injection according to individual patient needs.
A number of studies have examined the impact of age on the outcome of peritonitis episodes. Piccoli et al. (37) previously reported that the direct mortality of PD-related peritonitis increased with age. Similarly, Lim et al. (38) showed that older patients have a higher peritonitis-related mortality than young patients, and Tsai et al. (39) found that old age and diabetes are the 2 major risk factors for adverse outcomes of PD-related peritonitis. Specifically, Barretti et al. (40) noted that the outcome of PD-related peritonitis due to Staphylococcus aureus is negatively influenced by age and diabetic status. Our previous study also showed that mortality related to peritonitis and the risk of relapsing episodes were higher amongst elderly PD patients than younger ones (12) . It is the general clinical impression of many nephrologists that a considerable minority group of patients die of nosocomial infection or cardiovascular disease shortly after the initial presentation of peritonitis, presumably because the acute inflammatory insult disturbs the hemodynamic status or atherosclerotic plaque stability. Amongst PD patients over 60 years old, our previous study showed that the burden of comorbidity posed an additional risk of relapsing episode, but not mortality (40) . However, there is no evidence to support a longer duration of antibiotic therapy in this group of patients. Taken together, older PD patients who develop peritonitis had an excessive short-term mortality, and, amongst older patients, a high burden of comorbid load increases the risk of relapsing episodes.
PREVENTION OF PD-RELATED INFECTIONS
The latest ISPD recommendations for the prevention of PD-related infections also apply to older patients (41) . However, a few practical points relevant to older PD patients should be highlighted.
First, as mentioned previously, older patients are more likely to require recurrent hospital admissions and, as a result, to be colonized by antibiotic-resistant organisms (35) . In addition, older PD patients probably have a higher risk of touch contamination than younger ones. Taken together, it seems logical to perform more decontamination measures in older patients. However, there are few published studies in this area to support such a recommendation. Early studies have shown that a single course of mupirocin ointment is effective for the eradication of nasal Staphylococcus aureus carriage amongst hemodialysis patients as well as nursing home residents, while the addition of chlorhexidine bath gives no extra benefit (42, 43) . Another study showed that intermittent nasal mupirocin application is effective to prevent re-development of Staphylococcus aureus carriage in PD patients (44) .
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As pointed out by the ISPD recommendations, there is an association between peritonitis due to enteric organisms and severe constipation as well as enteritis (41) . The recommendations also state that hypokalemia is associated with an increased risk of enteric peritonitis and should be avoided and, if present, treated (41) . Since peritonitis episodes caused by enteric organisms are common amongst older PD patients, it seems logical to pay particular attention to and treat bowel dysfunction and hypokalemia, both of which are commonly present in this group of patients. Similarly, depression is common in older PD patients and has been implicated as a reversible risk factor of peritonitis (41) . However, there is no published study on the effect of treating depression on peritonitis rate.
As discussed above, there is no particular increase in the risk of peritonitis in older patients who require assistance for their dialysis exchanges (22) . Common clinical sense would indicate that a careful assessment of individual patients' capability, preferably before the insertion of a dialysis catheter, would be important in determining the optimal modality of PD (i.e. continuous ambulatory PD versus machine-assisted PD) and whether special assistance is required for PD exchange (in terms of equipment or personnel). We believe each dialysis unit should develop their own protocol for the assessment, which should include, but not be limited to, tests on eyesight, dexterity, cognitive function, and personal hygiene. In some instances, a similar test needs to be conducted for the prospective assistant (for example, the patient's spouse). As stated in the ISPD recommendations (41) , home visits by a PD nurse are a crucial component of training, helping to detect problems with exchange technique, adherence to protocols, and other environmental and behavior issues that increase the risk of infection and are best dealt with proactively. However, there is no consensus on the optimal timing for home visits for PD patients.
The current ISPD recommendation states that re-training is helpful in reducing peritonitis risk (41) , but published data on this area are actually limited. Technique review and retraining are generally advisable after recovery from a peritonitis episode, especially when it is caused by an organism that commonly originates from touch contamination (29, 41) . Common clinical sense indicates that one should reassess the technique of performing dialysis exchange, and provide re-training if needed, when PD patients develop medical problems that may affect their ability to continue with the dialysis (for example, an acute stroke). In theory, older patients are at risk of progressive decline in their cognitive function. However, it remains unknown whether regular technique review or re-training would help to reduce the rate of peritonitis in older patients. Similarly, although the home environment and social supports may change with time, there has been no report on the role of regular home re-visits for PD patients. Although published data in this area are scarce, it seems sensible to conclude that for the prevention of peritonitis episodes, clinicians should pay particular attention to technical skill and the home environment for older PD patients.
AREAS OF UNCERTAINTY AND FURTHER RESEARCH
Taken together, the latest ISPD recommendations for the treatment and prevention of PD-related infections are applicable to older patients. However, there are important differences in the epidemiology and clinical behavior of PD-related infections between older and younger PD patients; technical problems, social difficulties, and concomitant comorbid diseases often have profound effects on the risk as well as the management of peritonitis. Based on our literature review, we identify a number of areas, as summarized in Table 1 , that deserve special attention for further research. 
KEY POINTS
• With appropriate training and adequate support, the peritonitis rate of older peritoneal dialysis (PD) patients is highly respectable.
• In general, the recommendations for the treatment and prevention of PD-related infections by the International Society for Peritoneal Dialysis (ISPD) should be followed in older patients.
• Older PD patients who develop peritonitis have a high shortterm mortality.
• Older PD patients with multiple comorbid conditions have an excessive risk of relapsing peritonitis episodes.
• Technical problems, social difficulties, and concomitant comorbid diseases often have substantial effects on management of peritonitis in older PD patients.
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